Purpose: In 1991, we described the recruitment and goals for a cohort of young adults. At the time, little was known about long-term retention of young, healthy and mobile adults or minorities. We present retention strategies and rates over 25 years, and predictors of participation at the year 25 follow-up examination of the Coronary Artery Risk Development in Young Adults (CARDIA) Study, a longitudinal investigation of coronary artery disease risk factors in a biracial population initially ages 18-30 years recruited from four U.S. centers in 1985. Methods: CARDIA has employed a range of strategies to enhance retention, including two contacts per year, multiple tracking methods to locate participants lost-to-follow-up, use of birthday and holiday cards, participant newsletters, examination scheduling accommodations and monetary reimbursements, and a standing committee whose primary purpose has been to continually review retention rates and strategies and identify problems and successes. Results: For 25 years, CARDIA has maintained > 90% contact with participants between examinations, over 80% at any 2-year interval, and a 72% 25-year examination attendance rate. Baseline predictors of year 25 examination attendance include white race, female sex, older age, higher education, nonsmoking and moderate alcohol consumption. Conclusion: Consistent use of multiple retention strategies, including attention to contact rates and sharing of best strategies across study centers, has resulted in high retention of a diverse, initially young, biracial cohort.
Introduction
In 1991, we described the recruitment and goals for a cohort of black and white young adults with variable educational attainment [1] . At the time, little was known about long-term retention of young, healthy and mobile adults or minorities. Twenty-five years later, we describe recruitment and retention strategies for this population-based biracial cohort of young adults, initially ages 18-30 years in 1985-86, recruited from four geographic locations [9, 10] . Participant retention in long-term longitudinal studies is critical for both internal and external validity. A number of factors have been positively associated with study retention, including white race [2] [3] [4] , female sex [3, 4] and higher level of educational attainment [2, 3, 5] , while smoking [2, 4] , obesity [4, 6] , and moderate-severe depression levels [5] have been associated with lower participant retention.
Two recent systematic reviews have examined retention strategies and their effects on retention [7, 8] . Most of the studies reviewed were randomized trials of less than two years' duration. In general, the more retention strategies employed, the better the retention, with incentives, both monetary and nonmonetary, improving retention; reminder calls and letters were also consistently found to improve retention, but to a lesser degree. Booker et al. [8] noted that retention strategies for longitudinal studies may be different from shorter term clinical trials due to long-term commitment.
Observational studies of chronic diseases require long follow-up, but systematic evaluations of retention strategies in these studies are lacking. Participants in closed cohorts after a baseline recruitment period are irreplaceable. Studying methods currently used in existing cohorts, as well as characteristics of these populations and the accompanying retention rates, is a logical strategy to understand retention success, but has not been done for middle-aged participants.
The Coronary Artery Risk Development in Young Adults (CARDIA) Study is a longitudinal investigation of coronary artery disease risk factors in black and white men and women that has followed participants for over 25 years. To date, CARDIA has completed eight examination cycles: a baseline examination during [1985] [1986] (n = 5115) and follow-up examinations at 2, 5, 7, 10, 15, 20 and 25 years after baseline. The CARDIA Study recruitment was designed to be balanced across eight strata: race (black/white), sex (men/women), age (18-24/25-30 years) and educational attainment (high school education or less/more than high school) in four distinct geographic locations (Birmingham, AL; Chicago, IL; Minneapolis, MN; Oakland, CA).
This cohort provides a unique opportunity to describe retention strategies from young adulthood through middle age, as well as predictors of long-term retention over 25 years.
Methods

Overall retention strategies
Since the CARDIA Study began in 1985, the study protocol for participant retention has included the following: 1) obtaining information on three designated contacts for each participant at a midyear and annual contact; 2) producing bimonthly standardized contact reports reviewed by the study investigators; and 3) creating a Clinic Coordination and Retention Subcommittee (CC&RS) to facilitate retention. Retention methods used were approved by the Institutional Review Board of each field center and the Coordinating Center. Information on three designated contacts was obtained from participants at the time of initial enrollment, including name, relation to participant, mailing address and telephone numbers. Follow-up contacts are made every six months to verify each participant's contact information and vital status, and to update designated contact information. In later years, this information has also included email addresses, if available. Either the participant or a proxy can provide information for this mid-year contact. At annual follow-up contacts, each participant's health and hospitalization status are also obtained. The Coordinating Center posts standardized contact reports bimonthly on a secure internal website for field center coordinators and study investigators to review; the CC&RS meets monthly to identify both problems and successful methods. Because staff and retention techniques vary by field center, the CC&RS members also exchange successful local retention strategies.
Across field centers, specific methods of contact have varied between using the U.S. Postal Service as the initial contact mode, followed by telephone contact for those not returning forms, and telephone contact for both initial and reminder contact. Although not explicitly part of the study protocol, all field centers send birthday and holiday cards to participants as another retention strategy; family members are sent condolence cards in the event of a participant death.
Year 25 examination retention activities
Retention strategies have been comparable across clinics for all examinations, with some variation in implementation. We will focus on the year 25 (Y25) examination, when the participants were ages 43-55 years.
Participant satisfaction questionnaire. To help inform investigators during planning for the Y25 examination, a brief questionnaire was added to the mid-year follow-up contact preceding the examination to solicit participant opinions (Appendix A). Early on, CARDIA investigators obtained responses to study satisfaction questions in order to give participants a voice in planning for future follow-up examinations. The satisfaction questionnaire provides a pathway for enhanced collaboration between investigators and participants.
Participant newsletters. Annual study-wide participant newsletters highlight clinical results from examinations, inform participants of upcoming examinations and the components, introduce participants to center-specific staff or news, and to share select scientific publications. Prior to the Y25 examinations, participants were also mailed a refrigerator magnet with the examination dates and all relevant field center contact information.
Toll-free number. Each field center maintains a toll-free number as a convenience for out-of-town participants to contact either their baseline examination clinic or examining clinic (if different from baseline clinic) as well as a general email address.
Travel accommodations. Each field center offers transportation assistance at no cost to participants for local clinic visits. CARDIA is distinctive for offering reimbursement for travel expenses to out-oftown participants who have relocated outside the immediate area of their home clinic. This can include airfare, hotel accommodations and/ or mileage reimbursement. Participants can choose to return to their home clinic or to be examined at the field center closest to their current residence. Clinic staff often tries to coordinate a clinic visit with a planned visit to the area for other purposes, which not only assures the participant will be in the area, but also provides a positive incentive by helping him or her with the cost of travel plans.
Scheduling accommodations. Each field center offers alternate appointment options for participants with time constraints, including completing their examination over multiple days and alternate appointment times, such as later in the morning or an afternoon clinic. Abbreviated exams (see Appendix B for details), ranked by research priorities, are offered to participants with limited time and who would not otherwise attend the examination.
Reimbursement and 'thank you' gifts. Each field center offers study non-monetary gifts, such as t-shirts, for participation and monetary reimbursement for participant time and expenses. Monetary reimbursement of up to $60 for the core examination was also provided to each participant who attended the Y25 examination to cover parking, child care, missed work, or other expenses; the timing and form of payment varied across sites. The Birmingham clinic provided a Visa CheckCard for the full amount at the conclusion of each participant's examination visit, while the Chicago clinic provided $40 in cash at the conclusion of each participant's examination visit and subsequently mailed him/her a $20 check; the Minneapolis and Oakland clinics both provided a check for the full amount. Reimbursement for ancillary Test results. Participants are provided with select examination results on component-specific forms. For the Y25 examination, results of both blood pressure and anthropometric measurements were provided at the clinic visit, and all other results were mailed as completed, including lipids, glucose, albumin/creatinine ratio, coronary calcium from a computed tomography scan, echocardiography results, and other components performed on subsets of participants (e.g., glycated hemoglobin, magnetic resonance imaging of the brain). Not every participant completed all examination components, and results were sent when the subset of results for each participant was complete. Investigators compared results to previous exams to determine if the findings were chronic or new, and letters were tailored to participants with health information they may not get from a routine physician visit. For some, this individual attention provided an additional incentive to attend the examination and to continue participating in the CARDIA Study.
Scheduling process. Each field center had a specific process for scheduling Y25 examination visits, including telephone and text messaging, followed by an appointment confirmation letter with instructions for fasting, what type of clothing to wear, a map to the clinic, parking information and a plastic bag for participants to carry medications to the examination. A worksheet listing participant contacts was also included in that mailing to complete prior to the clinic visit that was similar to the mid-year contact form. Two days prior to the examination date, clinic staff called the participant to confirm the appointment and to verify participant understanding of directions and instructions for the clinic visit. In general, if a participant was 30 min late to the appointment, staff called to check on him/her. Participants who were frequent re-schedulers or no-shows also were given an additional reminder call the evening before the examination date, either by the site's clinic coordinator or the Principal Investigator. Some participants had a taxi scheduled to pick them up if they either did not have reliable transportation or had missed appointments in the past.
Locating participants. Each field center uses a variety of free and paid methods to locate participants lost to follow up: online search engines (TransUnion, LexisNexis, Accurint and Intelius People Search), prisoner searches (federal, state and county) and mortality searches (Social Security Death Index, National Death Index, ObitFinder and Ancestry.com). Participant contacts are used and the U.S. Post Office's return mail services provide forwarding addresses if a participant has moved since a prior successful contact.
Retention rates and predictors of 25-year retention
It is well known in the epidemiologic literature that retention rates differ by race, sex, and educational attainment. CARDIA's original recruitment design was balanced on race, sex, age, and education within each field center to establish a cohort with sufficient numbers of participants to examine how these factors contribute to cardiovascular risk factor development. Therefore, we examined retention by race-sex group, by field center, and by education both at baseline when education was still in progress and by Year 25 exam attendance. Specifically, we examined retention overall and by race-sex group for each examination year (Table 1) . Then focusing on Y25 examination attendance, we examined retention by race-sex and field center ( Table 2) . Next, examined retention by educational attainment within race-sex group, separately for education attained at baseline and at Y25 examination (Table 3) . Independent of examination attendance, we calculated contact rates for the most recent five years as a measure of our ability to locate cohort members (Table 4) . Chi-square tests were performed to ascertain statistical significance of differences in proportions retained.
Baseline characteristics-field center, demographics (age, race, sex and education), health behaviors (smoking, alcohol use, physical activity and diet), indices of social support, body mass index (BMI), systolic and diastolic blood pressure, and total cholesterol levels-were used to predict Y25 examination attendance in logistic regression models. Field center was entered in the model because recruitment and retention methods differ slightly, including continuity of field center retention staff, an unmeasured characteristic with unknown effects. The field centers also represent different underlying populations, specifically, with respect to race and education. Variables that were statistically significantly (p < .05) associated with attendance were entered simultaneously into the regression model. Variables that did not achieve statistical significance were removed in a stepwise manner until only statistically significant variables remained. Odds ratios and 95% confidence intervals were estimated. This process was repeated for Y20 examination attendance to assess robustness of findings in predicting long-term retention and examination attendance. All analyses were conducted using SAS v. 9.3. We finish with presenting geographically where participants were living at time of Y25 examination relative to their original field center.
Results
The overall examination attendance relative to baseline from Y2 to Y25 was 91%, 86%, 81%, 79%, 74%, 72% and 72% of the surviving cohort, respectively, with 49% attending all seven post-baseline examinations and 97% attending at least one post-baseline examination (Table 1) .
Retention differed by race-sex at each examination (all p's < .001). When assess differences only by race, differences were significant at each examination (all p's < .001); whites had 8% higher in earlier years (Y02, Y05) increasing to 10-13% in later examinations. Differences by sex were only present (p < .01) at Y20 and Y25. Among whites, there were no differences in retention by sex across examination years (all p's > .60). In contrast, among African-American/Blacks, retention was consistently, significantly higher for women than men starting with YR05 (difference of 3%, p = .04) thru YR25 (difference of 6%, p < .001).
Findings were similar across field centers with Birmingham having greater retention of black men and less retention of White women than the other three field centers, exemplified in the Y25 examination (p < .001 for retention across centers; Table 2) .
Educational attainment at baseline and at Y25 is shown in Table 3 . At baseline, 32% of participants had more than a high school education, 46% in whites vs. 19% in blacks, with little difference by sex. This racial difference remained when restricted to participants alive at the time of Y25, and to those who attended the Y25 examination. As might be expected from a cohort that was recruited in age range where education is likely to continue, the percent of participants with more than a high school education almost doubled by Y25, from 36.6% to 64.8%, with racial differences comparable to baseline. There was also a sex difference, with higher proportions of women than men attending the Y25 examination having more than a high school education, especially among blacks (p < .001).
We have maintained contact with 83-94% of study participants, depending on race-sex group, within the prior two years, and we have maintained contact with 88-95% within the prior five years (Table 4) . Differences in contact rates across race-sex groups were similar to attendance rates, specifically, higher for whites than blacks (all p < .001). Table 5 shows baseline participant characteristics that were statistically significant predictors of Y25 examination attendance. After adjustment for field center, white race, older age, and more than high school education at baseline were each associated with 40-50% higher odds of attending Y25 in a multivariable model. Female sex was associated with 19% higher odds of attendance, and current smoking status at baseline was associated with 30% lower odds of attendance. Alcohol use had an inverse U-shaped association with attendance (overall p = .048): compared to nondrinkers, participants who drank between 7 and 21 mL of alcohol/day were 28-43% more likely to attend, while the light (< 7 mL/day) and very heavy drinkers (> =21 mL/day) did not differ from nondrinkers. BMI, physical activity, calories, total cholesterol and social support were not associated with Y25 examination attendance. Findings were similar when analyzed for Y20 examination attendance (not shown).
By the Y25 examination, participants were living in all 50 states (Fig. 1) , including Hawaii and Alaska, and in 15 countries in the Caribbean and on four continents: Europe (England, France, Germany, Netherlands, Spain, Czechoslovakia), Asia (Japan, Singapore, Thailand), Africa (Egypt, Ghana), South America (Brazil), North America (Canada), and the Caribbean (Bermuda, West Indies).
Discussion
We report here on retention strategies and predictors of long-term retention in one of the longest-running U.S. observational cohort studies. In conducting any long-term follow-up study, frequency of participant contact is critical. Contacting too frequently is not only costly in terms of staff time, but can be counterproductive if participants view this as harassment, leading to poorer cooperation and retention. Contacting too infrequently can also result in loss of participants, either 
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through not being able to locate participants or participants losing interest.
The balance CARDIA has chosen is two contacts per year. The midyear contact obtains verification of vital status and participant address status, and can be completed by a proxy, not requiring direct participant contact. Unlike studies with no corresponding examination component, such as the Nurses' Health Study [10] and Reasons for Geographic and Racial Differences in Stroke Study [11] , CARDIA's model for annual contact serves two purposes: direct health status assessment and retention tracking for future clinic visits. Independent of examination retention, CARDIA has maintained an 83-94% retention rate across race-sex groups and field centers for any two-year period and 88-95% retention rates between examinations since the study began in 1985. This high contact rate between examinations means participants are available for future clinic visits and to provide endpoint data, even if they have not attended all in-person examinations. Our data also suggest that attending every clinic visit is not necessary for long-term retention.
Demographics of the study population, namely, age, race, sex and education, should be considered in assessing retention strategies and rates as they have been consistently associated with participation and retention. Almost all studies have found higher participation and retention among whites and the more educated [4, 12] , as did CARDIA [9] . The Atherosclerosis Risk In Communities (ARIC) Study [4] , ages 45-64 years in 1987, reported a 24-year overall examination retention rate of 65% that was higher for women than men (68% vs. 63%). In CARDIA, retention was also higher for women than men at 25 years, 74% vs. 70%. CARDIA found that not smoking and moderate alcohol intake were associated with greater 25-year retention. How these demographics influence retention is unclear, but are probably related to socioeconomic status, health status, and mobility as well as our retention strategies.
CARDIA reported better participation and retention among older participants, although they were still relatively young at 43-55 years. In the Cardiovascular Health Study (CHS), which followed adults ages 65 and older annually for 10 years starting in 1989 and then again starting in 2005, the 'younger' group, ages 65-69 years, had the best examination attendance [3] . The CHS found, as have most others, that retention rates were better for whites and the more educated [3] . ARIC [4] found little difference in initial participation by age, but like CHS, found better retention among the 'younger' participants, potentially due to health issues in the older group.
CARDIA has seen participants from young adulthood, when many are finishing education, transitioning from living with parents to independent living, getting married, having children, and starting new careers. This age range, when participating in a study may be considered a low priority, highlights the success CARDIA has had with retention. As an example of the cohort's mobility, by 2014, about 25% of CARDIA participants lived in a different state than when they enrolled. We have also kept contact with participants in and out of prison, through military service, and changes such as marriage, divorce, having children, and loss of loved ones.
CARDIA examinations require in-person attendance, which is costly but allows longitudinal clinical data to be collected in a standardized manner [13] [14] [15] [16] . While, in general, participation rates in epidemiologic and health studies have declined substantially in the past two decades [17] , CARDIA has maintained high and consistent retention rates due to its retention strategies and contact frequency.
Our study is limited in that participants were not randomized to a specific retention method and may have been contacted by multiple strategies across time. Therefore, we were unable to test specific methods used to contact or collect information from them and compare characteristics of participants requiring or responsive to specific retention methods. This is a difficulty inherent to all long-standing cohort studies. Cohort members are not replaceable, and investigators rely on every available method possible, balanced against contacting too often. Thus, we cannot say definitively that every method used is needed to achieve the retention rates we have achieved. While the strategies and risk factors associated with better attendance are not used on every member of the cohort, having multiple strategies provides us with an array of tools. Our participants vary greatly by demographics and socioeconomic status, and therefore an approach that works best for one demographic group may not be successful for another group. 
Conclusions
The varied methods CARDIA has used have been successful in retaining distinct members of our cohort, with a balance of providing participants with medically useful data and collecting data to improve the health of future generations. However, despite initial feasibility concerns about retaining young adults for a long-term study, we have demonstrated that not only is excellent retention possible, but that participants can be successfully followed for decades.
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Abbreviated year 25 examination component priority levels
Priority ranking of components for abbreviated examination components are decided by the CARDIA Steering Committee a priori, and completed in order with whatever time the participant has available. Priority levels are based on both importance for cross-sectional associations and study hypotheses, and for longitudinal data trends. The goal is to complete all examination components, but particularly as the examination cycle is ending, abbreviated examinations become a way to capture some participant clinical data. 
